Background and objective: Health and safety is a crucial issue in the mining industry due to the implication of accidents in the sector. This study determines the safety culture characteristics in several mining activities from South America.
Introduction
The mining sector is very important in Latin America. However, legislation, economic and cultural characteristics do not encourage proper levels of safety, while Western activities have already extended effective systems in this direction. Therefore, it is necessary to know the safety culture maturity of these activities to implement better techniques and systems.
This factor has been of great concern in many studies over the years [1] . Fleming [2] details a maturity concept model appropriate to safety culture development for the offshore oil and gas industry by means of interviews with the managers. This model consists of five levels of safety culture maturity, but it is only relevant to organizations that fulfil all the technical and legal criteria and the majority of the accidents occur due to behavioural or cultural factors. At the same time, other models were developed and modified over the years [3] [4] [5] [6] [7] , and different authors have used them to determine the safety culture maturity in the oil sector [8] [9] [10] [11] , safety issues in isolated workplaces [12] and railway industry [13] . Hofstede and Hofstede [14] pointed out the difference between western and South American culture and how these characteristics influence the structure of enterprises and safety culture by means of the society features while Filho et al. [15] performed a study in several oil companies from Brazil by means of a questionnaire and subsequent verification interviews. However, there are few studies regarding the mining sector. Thus, this paper adapts previous studies to mining companies from Latin America, regarding their specific conditions by means of a questionnaire, which is a widely used method to determine safety culture characteristics of an organization [10, 16] as well as health and safety analysis in the mining sector [17] .
The study is focused on all aspects of an organization's activities. This information was provided by safety managers from Large Scale Mines -LSMand Artisanal-Small Scale Mines -ASMactivities from Peru, Bolivia and Colombia. Most of ASM are organized in cooperatives, using basic technics and having poor health and safety conditions [18, 19] , which leads to low efficiency rates. Besides, their organizational characteristics do not favour health and safety enhancements either. Hence, it is very important to start introducing management systems to improve all aspects of these organizations [20] . ASM are widely spread in Latin America, having a workforce of 1.6 million according to the International Labour Organization [21] , showing even higher figures in some studies [22, 23] , such as Colombia, where small mining reaches 72% of all the mines [24] . Some ASM are in the process of implementing a continuous improvement system, called Fairmined certificate, specifically designed for small scale mining activities extracting gold. They will be mentioned as ASMF henceforward. A comparison is done between mines complying the certificate and ones without it. Figure   1 exposes the countries involved in the survey. Fairmined is a quality label that ensures social development, environmental protection and health and safety improvement. It is backed by a certification and audit system. The importance of implementing a management system is that it has been proven as an appropriate tool to improve safety conditions in different types of companies [25] .
Methodology

Safety culture maturity model
Among all models exposed, the five dimensions used by Fleming [2] and Parker et al. [10] have been used as a base of this study, modifying the questionnaire developed by Filho et al. [15] . The mining sector has some particularities, as the oil industry, which suits with the use of maturity models [26] [27] [28] . Whereas cultural characteristics in the countries analysed are similar to other studies applied in other South American countries [14, 15] . The five dimensions are: -Information: It refers to the formal system of the company to report accidents and incidents.
-Organizational learning: Includes the way organization deals with information, accidents, and incidents and how it informs the employees.
-Involvement: How the company boosts participation of the employees in safety issues.
-Communication: What, when and how to communicate information related to safety between the organization and workforce.
-Commitment: Support given by the company in health and safety issues.
The questionnaire has several items within each dimension. Besides, it also analyses whether the company has implemented any management system related to quality or environment issues.
Questionnaire
The health and safety part of the questionnaire has five possible answers per question, varying the number of questions for each dimension. Each level per question correspond to a stage already defined and used in previous studies [5, 10, 15 ]:
1.
Pathological: Safety issues are caused by the employees. The main drivers are business and avoid the regulator.
2.
Reactive: Safety is only taken seriously after accidents.
3.
Calculative: Systems are implemented to manage all hazards 4.
Proactive: Some problems are still found. The workforce is more involved in safety issues.
5.
Sustainable: Safety is part of the corporate philosophy. There is an active participation in all levels.
The questionnaire has 24 questions, including the country, type of organization and number of employees. The sample for the study consisted of 62 mining activities, 37 LSM and 25 ASM. Questions were done according to previous bibliography and field experience working in South America. The first 20 questionnaires were done in situ in several Artisanal and Large Scale Mines to verify the suitability and understanding of the questions. Besides, as there is a certification process in some of them, the test was done before and after the implementation with the idea to know if there is any safety culture evolution related to the Fairmined certificate.
The Likert scale [29] was used to evaluate the level of safety culture maturity level by means of five levels, where it ranges from 1, lowest, to 5, highest. The higher the value in each dimension, the better the cultural maturity will be. Table 1 exposes the main items asked in the questionnaire. Apart from the general questions, each item detailed has five sentences corresponding to the different levels of agreement or disagreement with the item. Abbreviations of the dimensions, part 1-5, are used in the following tables. 
Results and discussion
Mean values of employees and the five dimensions are gathered in Table 2 from the survey of the mining activities. The sample size is n=62, but 4 ASM analysed over time have undertaken the certificate process and therefore the survey was done twice in these cases. Table 2 show an important difference between LSM and ASM in all five dimensions, which is accordance with other previous studies [30, 31] .
However, this difference is reduced in the case of ASMF, which present considerably higher scores in safety culture maturity in all dimensions. Figure 2 displays a more visual comparison between LSM and ASM. Artisanal Scale Mines have the involvement dimension more developed than the other four. They encourage the employees to participate in safety matters, but the appropriate tools and knowledge to deal with the issues are not available in these activities. Besides, the socioeconomic conditions in most of the ASM are also a handicap, as well as facilities or environmental conditions. These facts are reaffirmed with lower scores in the other dimensions, especially in commitment, which is a key factor to improve the dimensions [32] . The possible reason, after in situ verification, is the type of corporate organization, which used to change the management board every year. Overall, ASM are placed in a stage between reactive and calculative, the importance of safety is well known but there is a lack of an appropriate system to deal with all hazards and involve the employees. Actions are only taken after misses or accidents have already happened, having a health and safety system too rigid.
On the other hand, Large Scale Mines have a well-balanced system with all dimensions in a similar level. These activities show a proactive stage, having a safety management system that involves the employees from all organization levels, but without being completely implemented, having difficulties to face unexpected problems and still too rigid [6] . Figure 3 details global safety maturity scores in LSM, ASM and ASMF. On the other hand, values from ASM show a great variability, especially in activities with less than 20 employees. However, larger mines display a slight decrease in the score as the number of employees increases. On-site visits are in accordance with this behaviour, small ASM have different health and safety conditions depending on the initial awareness of the miners, while the conditions tend to worsen as the mine enlarges.
The analysis of the different questions in each dimension of ASM and LSM is done in Tables 3 and 4 , while their total average values with the corresponding standard deviations are gathered in Table 5 . While LSM show all answers with similar scores, ASM display mixed results, especially in the implementation of procedures such as "safety parameters" in the dimension of information or "accidents and misses analysis" and "reporting the investigations" in the dimension of organizational learning. The same characteristics are found in the dimension of commitment, where the items "inspections and audits" and "safety education and training" have considerably lower scores than the rest in ASM, whereas LSM have more steady scores.
The characteristics of ASM agree with the conditions found in situ. Despite these activities have consciousness about the importance of health and safety, they have problems to implement regulations, work methods and planning long term actions. Average values per dimension show safety culture maturity levels between 53-90% higher in LSM than in ASM. However, the standard deviation is higher in Large Scale Mines than in Artisanal Scale Mines, which means larger differences between LSM conditions.
Conclusions
The model used to determine the safety culture maturity level has proved to be an adequate tool for the mining sector. The survey done has more answers than other previous studies [15, 19] . The questionnaire demonstrates a remarkable difference between LSM and ASM, around 71%, in terms of safety culture maturity. This difference is considerably reduced in the case of ASMF. However, there is a long path, in all cases, to improve their systems. According to stages described by Hudson [6] , ASM are in a stage between reactive and calculative, while LSM are in a proactive stage.
The existence of any type of continuous improvement system show significant increases in safety culture maturity levels, almost 40% in LSM and 31% in ASM. This fact suggests the importance of implementing this kind of procedures in any company and their consequences to the sake of the health and safety conditions. Although the enhancements are higher in companies with a well-developed organizational structure, there is a remarkable improvement in informal organizations, at least in terms of safety and health.
The behaviour of the organizations in terms of safety and health also show a completely different pattern between Large and Artisanal Scale Mines. While LSM follow a lognormal distribution, the higher the number of employees the higher the score of safety culture maturity, ASM display lower scores as the number of employees increases. This phenomenon suggests that LSM implement more efficient management systems as they increase their size, whereas ASM continue without any system despite the increasing difficulty increments as their company size grows. In addition, Artisanal
Scale mines with less than 20 employees show a great variability, probably because of the different awareness of the co-operative associates. Weaknesses found in some items from the same dimension of the questionnaire may negatively affect the health and safety management system as well as its enhancement. Thus, the first actions should be working on these problems in order to subsequently improve the system.
More data would be necessary to verify the results, minimise the possible sampling error and know if there is any important difference among Latin American countries and the difference in ASM with continuous improvement systems. However, there are a lot of difficulties to obtain results because of social and cultural conditions of such mining activities.
